Abstract. In order to photo-degrade sulfamethazine in the UV, a new photocatalytic microsphere was prepared. The magnetic γ-Fe 2 O 3 /SiO 2 /TiO 2 microspheres prepared using the ultrasonic-assisted modified Stӧber method and sol-gel method, has super paramagnetic and high photocatalytic activity verified by using XRD and UV-vis analysis. The γ-Fe 2 O 3 /SiO 2 /TiO 2 could be reused at least five times without any appreciable reduction of photocatalytic efficiency and the degradation rate of sulfamethazine could reach to 95% on UV irradiated for 1hr with γ-Fe 2 O 3 /SiO 2 /TiO 2 . So γ-Fe 2 O 3 /SiO 2 /TiO 2 had good reusability. At the same time, the degradation mechanism of γ-Fe 2 O 3 /SiO 2 /TiO 2 composites was suggested as that •OH played a relatively larger role in sulfamethazine photodecomposition, and h + and •O 2 − were the main active species for the decomposition of sulfamethazine.
Introduction
Wastewater of pharmaceutical manufacturing is often produced and usually quite a number of antibiotics contaminants were included [1, 2] .Therefore, overuse of sulfa drugs has caused a potential damage to aquatic environment [3, 4] and human health. TiO 2 is well-known photocatalytic materials due to its cost effectiveness, good stability, biological and chemical inertness, and high oxidizing [5] [6] [7] [8] . Nonetheless, the widely application of nanosized titania is restricted for its difficulty of separation and recycling [9, 10] . In the last few decades, comprehensive attention has been attracted to the catalyst immobilization on various inactive supporting materials [11, 12] such as sand, ceramic, zeolite, silica, and activated carbon. The catalyst immobilization increases the separation efficiency, but the loss of the photocatalytic activity has often been observed. Thus, it is of necessary to prepare a novel photocatalyst that is both effectively recyclable and highly photoactive. In the recent, the integration of magnetic components and TiO 2 -based has thus caused significant concern.
In this present work, by using a three-step method, new hierarchical magnetic γ-Fe 2 O 3 /SiO 2 /TiO 2 microspheres was to be prepared under the low-temperature comparing with the traditional heat synthesis approach. Also, the photo activity ofγ-Fe 2 O 3 /SiO 2 /TiO 2 was observed by the degradation experiment of sulfamethazine irradiated with the UV.
Experimental
In this work, theγ-Fe 2 O 3 /SiO 2 /TiO 2 microspheres were prepared by a normally ultrasound modified Stӧber method and an ultrasound modified sol-gel method. Firstly, 120mg Fe 3 O 4 microspheres were scattered in 50mL 2-propanol before 15min ultrasound. Then, the solution was scattered in the 2-propanol (150mL) and DD-water (50mL). Also, 2mL ammonia solution was drop wise added during 30minultrasound. Next, 120µL TEOS was mixed in the solution during 3h ultrasonic at 35℃. Then, they were washed and dried overnight at 60℃. Secondly, 120mg Fe 3 O 4 /SiO 2 were scattered in 50mL 2-propanol before 15min ultrasonic at the low temperature (35℃). Then, the dispersion was added in 130mL is opropanol and 50mL DD-water, given a few glacial acetic acid, and 6mL TISOP was drop wise added during 30min ultrasonic After 3h ultrasonic at 35℃, the resulting photocatalyst was dried overnight in an oven at 105℃. Then, they were washed three times by ethanol. Lastly, these nano particles were calcined at 450℃for 1h (FST1), 2h (FST2), or 3h (FST3), individually.
Results and Discussions
X-ray diffraction patterns (XRD) are presented as a function of various nanoparticles shown in Figure 1 The UV-vis diffuse reflectance spectra of Besides, the dissolved oxygen plays an important role in photo-degradation of sulfamethazine. There was different photo-degradation efficiency of sulfamethazine with different dissolved oxygen. In our work, we investigated the effect of dissolved oxygen on photodegradation of sulfamethazine in jacketed reactor. As we see with the increasing of dissolved oxygen, degradation rate and kinetic constant of sulfamethazine might gradually decreases. However, sulfamethazine' degradation rate and K value were especial with the additive of N 2 , which suggested that any other active substances could also play an important role except for the mechanism of •OH. Thus excessive dosages of dissolved oxygen could not always improve degradation rate, and no aeration might be the best condition for the photo-degradation of sulfamethazine.
During the photocatalytic degradation process, some reactive species, such as hydroxyl radicals ( As shown in Figure4, the forming hydroxyl radicals (•OH) on theγ-Fe 2 O 3 / SiO 2 / TiO 2 surface was examined by using is opropanol (IPA) as a probe molecule. The addition of IPA has a weaker influence on the photo degradation of sulfamethazine, implying that •OH could take a relatively larger role in sulfamethazine photodecomposition. The photocatalytic functioning of sulfamethazine obviously decreased when the 2Na-EDTA and p-BQ was added, suggesting h + and •O 2 − were the main active species for the decomposition of sulfamethazine. 
Conclusions
In this work, a new photocatalytic microsphere was prepared by using the ultrasonic-assisted modified Stӧber method and sol-gel method. 
